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Sound Absorption 

•  Most materials absorb sound. A simpler measure of the 

acoustic properties of materials, the absorption 

coefficient. 

•  the absorption coefficient of a given material is the 

• absorbed fraction of the incident sound power. 

• The absorption coefficient α is defined as the ratio of the 

energies of absorbed and incident sound: 

 



• The reflection coefficient R on the other hand is the ratio 

of the sound pressures of reflecting and 

• incoming sound: 

   

 

 

• The absorption coefficient is a real number in the range 

0 . . . 1. The reflection coefficient is a complex number 

and describes the amplitude ratio and the phase shift 

during reflection. Under the assumption that the whole 

incident energy splits into absorption and reflection, a 

relation between α and R can be 

• established: 

 



Measurement of absorption and reflection 

• Kundt’s tube serves to create a one-dimensional plane 

wave sound field at discrete frequencies as shown in the 

figure below. 

• A loudspeaker located at one end of the tube generates 

a sine wave. This wave propagates in the tube to the 

other end and will be reflected at the hard termination. 

Thereby the incident and reflected sound wave form an 

interference pattern with pressure maxima and minima. 



• By introducing absorbing material in front of the hard 

termination. 

• In the center of the tube diameter a probe microphone 

can be moved along the tube axis to detect sound 

pressure maxima and minima. 

•  With     as sound pressure of the wave reflected at the 

end of the tube and pe as sound pressure of the incident 

wave one can write: 

 

 

• The sound pressure maxima are formed by constructive 

interference of incident and reflected wave: 

 

rp



•  The sound pressure minima on the other hand result as 

destructive interference between incident and reflected 

wave: 

 



Typical values of the absorption coefficient α for 
some common materials. 



Equivalent absorption area 

• The product of area and absorption coefficient of a 

surface material is the equivalent absorption area of that 

surface, The equivalent absorption area of a room is 

 



The diffuse sound field 

The diffuse sound field is defined as a sound field in which: 

• The energy density is the same everywhere. 

• All directions of sound propagation occur with the same 

probability. 

• In a diffuse sound field the rms sound pressure pdiff is 

the result of sound waves propagating in all directions, 

and all having the sound intensity I1. 



a: Plane wave  incident on a surface.               b: Diffuse incidence on a surface. 

By integration over a sphere with the solid angle ψ = 4π the rms sound 
pressure in the diffuse sound field is: 
 



• In the case of a plane wave with the angle of incidence θ 

relative to the normal of the surface, the incident sound 

power per unit area on the surface is 

 

The total incident sound power 

per unit area is found by 

integration over all angles of 

incidence covering a half sphere 

in front of the surface 



It is noted that this is four times less than in the case of a 

plane wave of normal incidence. 


